We have made the first measurements of the virtual Compton scattering (VCS) process via the H(e, e ′ p)γ exclusive reaction in the nucleon resonance region, at backward angles. Results are presented for the W -dependence at fixed Q 2 = 1 GeV 2 , and for the Q 2 -dependence at fixed W near 1.5 GeV. The VCS data show resonant structures in the first and second resonance regions. The observed Q 2 -dependence is smooth. The measured ratio of H(e, e ′ p)γ to H(e, e ′ p)π 0 cross sections emphasizes the different sensitivity of these two reactions to the various nucleon resonances. Finally, when compared to Real Compton Scattering (RCS) at high energy and large angles, our VCS data at the highest W (1.8-1.9 GeV) show a striking Q 2 -independence, which may suggest a transition to a perturbative scattering mechanism at the quark level.
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I. INTRODUCTION
Understanding nucleon structure in terms of the nonperturbative dynamics of quarks and gluons requires new and diverse experimental data to guide theoretical approaches and to constrain models. Purely electro-weak processes are privileged tools since they can be interpreted directly in terms of the current carried by the quarks. This paper presents a study of the virtual Compton scattering (VCS) process : γ ⋆ p → γp, in the nucleon resonance region via the photon electroproduction reaction : H(e, e ′ p)γ, together with results in the neutral pion electroproduction channel H(e, e ′ p)π 0 . This study is based on part of the data of the E93-050 experiment [1, 2] performed at the Thomas Jefferson National Accelerator Facility (JLab). Its motivations were twofold: 1) investigate the very low-energy region, below the pion production threshold, to determine the Generalized Polarizabilities of the proton [1] ; 2) make an exploratory study of the VCS process in the region of the nucleon resonances, which is the subject of the present paper. A first set of E93-050 results in the H(e, e ′ p)π 0 channel were published in [2] . This experiment was part of the Hall A commissioning phase, and was therefore conducted prior to the Real Compton Scattering (RCS) and Deep VCS (DVCS) program at JLab. Lastly, in this experiment the photon electroproduction process was for the first time cleanly separated from the dominant H(e, e ′ p)π 0 reaction above pion threshold.
The Constituent Quark Model of Isgur and Karl [3, 4] reproduces many features of the nucleon spectrum. However, the structure of the nucleon resonances, particularly the electro-weak transition form factors, remain incompletely understood. The simultaneous study of both (N π) and (N γ) final states of the electroproduction process on the nucleon offers probes with very different sen- * e-mail: helene@clermont.in2p3.fr sitivities to the resonance structures. Another motivation for the present study is to explore the exclusive H(e, e ′ p)γ reaction at high W , where perturbative current quark degrees of freedom may become as important as those of constituent quarks and resonances. Quarkhadron duality implies that even at modest Q 2 , inelastic electron scattering in the resonance region can be analyzed in terms of quark rather than nucleon resonance degrees of freedom [5] . , VCS Non-Born (f), and t-channel π 0 -exchange (g) processes. The particle four-momenta are indicated in parenthesis in a).
A. Kinematics
The kinematics of the H(e, e ′ p)γ reaction are represented in Fig. 1a . A common set of invariant kinematic variables is defined as −Q 2 = (k − k ′ ) 2 = q 2 , s = W 2 = (q + p) 2 , t = (p − p ′ ) 2 , and u = (p − q ′ ) 2 . The q-direction defines the polar axis of the coordinate system : θ * γγ and φ are the polar and azimuthal angles in the γ ⋆ p → γp subprocess c.m. frame. The scattered electron direction defines φ = 0. The H(e, e ′ p)γ reaction was measured below the pion threshold in several experiments [1, 6, 7, 8] and in the region of the ∆(1232) resonance [9, 10] .
We present in this paper the first measurements of the H(e, e ′ p)γ cross section that were made through the entire nucleon resonance region. We measured the photon electroproduction cross section in two scans:
• The nucleon excitation function from threshold to W = 1.9 GeV at Q 2 = 1 GeV 2 ;
• The Q 2 -dependence near W = 1.5 GeV.
The cross section for the H(e, e ′ p)π 0 process was determined simultaneously in the experiment, at the same kinematics. All these measurements were performed in backward kinematics, i.e. within a cone (cos θ * γγ < −0.5) centered on the backward axis ( q ′ opposite to q). This angular domain, traditionally dominated by u-channel exchanges, is opposite to the DVCS kinematics which are at forward θ * γγ .
B. Interference of Bethe-Heitler and VCS Amplitudes
In the one-photon exchange approximation, the photon electroproduction amplitude (Fig. 1a) includes the coherent superposition of the VCS Born ( Fig. 1d and  1e ) and Non-Born (Fig. 1f) amplitudes, and the BetheHeitler (BH) one (Fig. 1b and 1c ) [11] . Note that in the BH amplitude, the mass-squared of the virtual photon (elastically absorbed by the proton) is t. In the VCS amplitude, the mass-squared of the virtual photon (inelastically absorbed) is −Q 2 . The BH amplitude dominates over VCS when the photon is emitted in either the direction of the incident or scattered electron. It also breaks the symmetry of the electroproduction amplitude around the virtual photon direction. Thus, in the data analysis we have not expanded the φ-dependence of the H(e, e ′ p)γ cross section in terms of the usual electroproduction LT and T T interference terms. This would be possible for W well above the ∆(1232)-resonance, where the BH amplitude becomes negligible. However, in this region (W ≥ 1.4 GeV) our data are mostly φ-independent within statistics.
II. EXPERIMENT AND ANALYSIS
We performed the experiment at JLab in Hall A. The continuous electron beam of energy 4.032 GeV with an intensity of 60-120 µA bombarded a 15 cm liquid hydrogen target. The scattered electron and recoil proton were 2 is used to select the γ events. The FWHM of the peak increases from 0.0022 to 0.0050 GeV 2 when W goes from 1.1 to 1.9 GeV.
detected in coincidence in two high-resolution spectrometers. The emitted photon or π 0 was identified by reconstruction of the mass of the missing particle. A spectrum of the squared missing mass Fig. 2 and shows the good resolution achieved in the separation of the two electroproduction channels. The apparatus is described in detail in [12] , and the detector acceptance and spectrometer settings in [2] .
We extract the five-fold differential cross section
) using the method described in [2] ; dk [13] including the coherent sum of the BH and VCS-Born amplitudes (Fig. 1b,c,d and e) only. The inclusion of the BHamplitude ensures that our simulation reproduces the strong φ-dependence near pion threshold. Corrections were applied for acceptance, trigger efficiency, acquisition and electronic dead times, tracking efficiency, target boiling, target impurity and proton absorption [2] . In addition, a correction (−0.1 to −1.7%) for the exclusive π 0 background in the M was made using our simulation, based on the results of [2] . The data are binned in the variables cos θ * γγ , φ and W . In each bin the cross section is determined at a fixed point, using the model dependence of the BH+Born calculation. This fixed point is at the center of the bins in cos θ * γγ , φ and W . We define three bins in cos θ • to φ = 0 • are added using the symmetry property of the unpolarized cross section w.r.t. to the lepton plane, dσ(φ) = dσ(2π − φ). The elementary bin size in W is 20 MeV.
The two other variables needed to complete the kinematics are the photon virtuality Q 2 (constant in the first scan and variable in the second scan) and the beam energy in the lab, which is always kept fixed: k lab = 4.032 GeV. As a consequence, the virtual photon polarization ǫ = 1 + 2( q 2 /Q 2 ) tan 2 (θ e /2) −1 is not constant but decreases monotonically from 0.95 at W =1 GeV to 0.75 at W =1.9 GeV. Full results, including statistical and instrumental uncertainties are presented in the Tables of the Appendix. The cross-section values are statistically independent, bin-tobin. Systematic errors on the cross section are studied in [14] . They mainly originate from uncertainties in the absolute normalization (integrated beam charge), the radiative corrections, and the knowledge of the experimental acceptance. They are mostly correlated bin-to-bin. Another source of systematic error is due to the physical background subtraction. It is mostly independent binto-bin in W , and it affects the γ channel more than the π 0 channel (due to lower VCS statistics). As a result the total systematic error is larger in the γ channel than in the π 0 channel (cf. the Tables of the Appendix). The most detailed cross section is five-fold differential. However, for relevant studies we will use a two-fold cross section. Throughout this analysis the parametrization of ref. [15] is used for the proton electromagnetic form factors, namely to compute the BH+Born cross section. The next sections present our results. • , is due to the BH tail of elastic electron scattering. In this region there is obviously a strong interference between the BH and the VCS amplitudes, evolving from destructive at φ = 15
• to constructive at larger φ. The cross section calculated from the coherent sum of the BH and Nucleon-Born amplitudes (thin solid curve) is in excellent agreement with the data.
In the first resonance region, the thick solid curve shows the calculation based on Dispersion Relations (DR) by B.Pasquini et al. [17] . In this theoretical framework, our data were previously analyzed in terms of Generalized Polarizabilities for W < 1.28 GeV [1] . The DR [1] . The thin solid curve is the BH+Born cross section, and the dashed curve is the BH+Born+π 0 -exchange cross section [16] . The dotted curve is the pure Bethe-Heitler cross section.
model is able to predict the 12 independent VCS scattering amplitudes, in terms of the γ * N → N π multipoles, t-channel π 0 exchange, and two phenomenological functions: ∆α(Q 2 ) and ∆β(Q 2 ). These two functions parameterize the contributions to the electric and magnetic polarizabilities from high-energy virtual channels. In particular, the term ∆β(Q 2 ) is modeled by tchannel σ-meson exchange. In [18] , it was suggested that the combination [∆α + ∆β](Q 2 )] is likely dominated by the N ππ and N η multipoles, which are not presently included in the DR formalism. When a comprehensive partial wave analysis of the γ * N → N ππ multipoles becomes available, the DR formalism could be extended to the second resonance region (W ≈ 1.5 GeV). A comparison with the present data would improve our understanding of the spatial distribution of the polarization response of the proton, by identifying more explicitly which channels and excitations contribute to the Generalized Polarizabilities.
In Fig. 3 [16] of Fig. 1g . This is somewhat surprising, given the spectrum of baryon resonances. In the resonance model of Capstick and Keister [19] for RCS, the positive-parity intermediate states contribute constructively and the negative-parity states contribute destructively to the backward-angle cross section. Although diffractive minima can cause some amplitudes to change sign with Q 2 , this basic effect will remain in VCS. Thus the high-level density of resonances at large W does not necessarily enhance the backward cross section, and leads to a smooth behavior. In section III D, we explore the question of which degrees of freedom are essential for the high-energy backward Compton amplitude. This study was performed for both channels H(e, e ′ p)γ and H(e, e ′ p)π 0 . Measuring the two processes at the same kinematics allows to compare the sensitivity to the various resonances in two different exit channels.
The detailed Q 2 -dependence of our experimental data is obtained by subdividing the spectrometer acceptance of three separate kinematic settings centered at Q 2 = 0.6, 1.0, and 2.0 GeV 2 . Tables IV to VII contain the differential cross section in each elementary bin in (Q 2 , W, φ). For the figures we define a two-fold cross section. To this aim we first divide d 5 σ by the virtual photon flux factor: The flux factor (Hand convention [20] ) is defined by:
where α is the fine structure constant and M p the proton mass. We then extract the φ-independent term of
. , which will be called reduced cross section and noted d 2 σ . Since in each small Q 2 -bin the coverage in φ is often not complete, this extraction is performed by fitting the experimental data to the φ-dependence of a model. The chosen model is (BH+Born) for photon electroproduction and MAID2000 for pion electroproduction. We just fit a global scale parameter from model to experiment; then from this parameter and the model it is straightforward to determine d 2 σ in the bin. The data represented in Figs. 4 and 5 are given in Table VIII.
The H(e, e ′ p)γ Process
If the BH process was fully negligible, the obtained cross section d 2 σ γ would represent the usual term
. However, this is only approximately true. In the kinematics considered here, the modulus of the BH amplitude still represents 6-15% of the modulus of the BH+Born amplitude.
In Fig. 4 we plot the Q 2 -dependence of the reduced VCS cross section d 2 σ γ at W = 1.53 GeV and cos θ * γγ = −0.975. A large bin width (60 MeV) is chosen in W in order to gain statistical accuracy. The measured values are a factor 2-3 above the BH+Born calculation, which may not be surprising since the model does not include any resonance structure. The Q 2 -dependence of the data is rather smooth. It is well reproduced in relative by the (BH+Born) or the (BH+Born + t-channel π 0 -exchange) calculation.
The data are well fitted by a dipole or an exponential behavior, as illustrated in the right panel of Fig. 4 . We note that the dipole mass parameter Λ 2 is much larger than for the standard nucleon dipole form factor G D . Without doing a complete analysis in terms of helicity amplitudes of the resonances as in refs. [21] or [22] , it is clear from our data that the involved transition form factors have a much slower decrease with Q 2 than G D , in the explored Q 2 -range. Interpretation of these data will require a systematic treatment of both the on-shell and off-shell intermediate states, entering the imaginary and real parts of the VCS amplitude, respectively. Strong contributions to the real part of the VCS amplitude are expected from resonances distant in W . In the π 0 channel, the reduced cross section d 2 σ π 0 strictly corresponds to the φ-independent term d 2 σ T + ǫd 2 σ L of pion electroproduction. The data at the Q 2 = 1 GeV 2 setting were previously published in [2] (but without subdividing into small Q 2 -bins). 2 -dependence of the data, however they still underestimate the cross section in absolute by ∼20-30%. The SAID WI03K [24] curve is a global fit including our From both inclusive and exclusive data, it is known [21] that in the second resonance region the virtual photoabsorption cross section is dominated by the D 13 (1520) resonance at low Q 2 (<1 GeV 2 ), while for Q 2 > 2 GeV 2 it is dominated by the S 11 (1535) resonance. Furthermore, some of the transition multipoles of these two resonances do not have simple dipole shapes in Q 2 [22] . This should result in a complicated Q 2 -dependence of electroproduction cross sections. However, surprisingly, the behavior observed in Figs. 4 [26] (see also [27, 28] )). Assuming that the Q 2 -dependence of the virtual photo-production of a resonance is given only by the coupling (γ * p → resonance) and does not depend on the exit channel, then our ∼ con- stant b suggests that approximately the "same mixing" of resonances is seen in the two exit channels (γp or π 0 p), in the explored W -range.
However, at a finer scale the data of Fig. 6 do show some variations with W , which appear to be non-trivial, and of opposite sign in the two exit channels γp and π 0 p. Such variations are also present in model calculations, e.g. MAID2003 in the figure (π 0 channel). One concludes that the competition from multiple resonance channels results in a complicated W -dependence of the Q 2 -dependence of electroproduction cross sections.
Note that the b parameter of the exponential fit was determined previously in ref. [2] for the π 0 channel [55] . This fit used our data in the limited Q 1 1.2 1.3 1.4 1.5 1.6 1.7 1 Table IX ). In Fig. 7 we show the value of the ratio of the φ-independent cross sections, r = d 2 σ γ / d 2 σ π 0 . Two theoretical calculations of this observable are also displayed: the full curve is obtained with BH+Born+π 0 -exchange for the H(e, e ′ p)γ reaction (numerator) and MAID2003 [23] for the H(e, e ′ p)π 0 reaction (denominator); the dotted curve is obtained by changing the numerator to the DR model for VCS [17] . This latter calculation agrees well with our data in the ∆(1232) resonance region. As a reference, we have also indicated (in star symbols) the value of the simple ratio of the branching ratios of the individual resonances [29] :
This ratio r N * is integrated over 4π in the final state, therefore it has different dynamical sensitivity than our backward data and should not be directly compared to them. Furthermore, there are important interference effects between individual resonances, at the amplitude level, which are not considered in r N * , while they are -at least partiallytaken into account in the theoretical curves of Fig. 7 .
Below the ∆(1232) resonance, the large enhancement of the ratio is due to the rising (BH+B) cross section in the VCS channel. We note the large enhancement of the measured ratio also in the second resonance region (P 11 , D 13 , S 11 ). These particular resonances have large couplings to the N ππ and N η channels, which contribute as virtual channels to the VCS process. We have already noted the likely significance of these resonances for the Generalized Polarizabilities. The observed variation of the ratio r with W illustrates our initial motivation: the VCS and γ * p → π 0 p channels have very different sensitivities to the resonances.
D. VCS-RCS Comparison
The RCS reaction γp → γp has been intensively investigated in the ∆(1232)-resonance [30] and in the high-energy diffractive region [31] . It was also studied above the ∆(1232) at Bonn [32] , Saskatoon [33] , and Tokyo [34, 35] . The Cornell experiment [36] measured the RCS process at photon energies E γ in the range 2-6 GeV and angles from 45
• to 128
• in the c.m. frame. There are no high-energy fully backward RCS data. The recent JLab experiment E99-114 [37, 38] Fig. 8 we compare our VCS data at backward angle with existing large-angle RCS data. For this purpose we have used the VCS reduced cross section defined in section III B, determined in the experimental scan at fixed Q 2 = 1 GeV 2 and cos θ * γγ = −0.975, and the data have been converted in terms of dσ/dt (see Table IX ). In this figure, at low W , we see again the rapid rise in the VCS cross section due to the coherent sum of the BH and Born amplitudes. As illustrated previously in Fig. 3 , the VCS excitation in the ∆(1232) region is accurately fitted by the Dispersion Relations, including both the onshell N → ∆ transition form factors and the Generalized Polarizabilities [1] . Above the ∆-resonance we do not have an explicit model of the VCS process. Through the second resonance region (W ≈ 1600 MeV) the RCS and VCS data show on-shell s-channel resonances. The VCS/RCS comparison in this region shows a strong decrease of the cross section from Q 2 = 0 to Q 2 = 1 GeV 2 , as expected from s-channel resonance form factors.
The VCS/RCS comparison for W ≥ 1.8 GeV is in marked contrast with the behavior at lower W . At high W the VCS cross section intercepts the trend of the largest-angle RCS cross sections (θ c.m. ≈ 130
• ), around W = 2 GeV. Also, for W > 2 GeV the W −2n -scaling of the RCS data has a completely different trend than the (BH+Born+π 0 -exchange) VCS curve, which seems to form a baseline for the VCS data at lower W .
We briefly review the high-energy behavior of the Compton amplitude in three kinematic domains: −t ≪ W 2 (forward Compton scattering); −t ≈ W 2 /2 (wideangle Compton scattering), and the present domain of −t ≈ W 2 (backward Compton scattering).
• Forward Compton scattering at high energy and at Q 2 = 0 (RCS) can be described by t-channel Regge exchange processes [31] . As the photon virtuality increases, the Regge exchange amplitudes are suppressed by factors of m [38] . The dotted curves labelled (1) and (2) are the BH+Born+π 0 -exchange cross section (see text) and the BH one, respectively. For W > 2 GeV, the solid curve is an s −6 power law normalized to the W = 2.55 GeV Cornell point of ref. [36] , the dot-dashed and dashed curves are s −8.1 and s −5.3 power laws fitted to the JLab data [38] at θc.m. = 113
• and 128
• , respectively.
vector meson poles (of mass m V ) in the entrance channel. At high Q 2 (but empirically only several GeV 2 ) the forward Compton amplitude is dominated by the perturbative, leading-twist "handbag" amplitude of Deep Inelastic Scattering (DIS) [29] . Similarly, a recent QCD factorization theorem [40, 41] predicts that in the off-forward deeply virtual limit (−t/Q 2 ≪ 1), the DVCS γ * p → pγ amplitude factorizes the perturbative γ * q → qγ amplitude on an elementary quark in the target, convoluted with twist-2 quark (or gluon, at low Bjorken scaling variable x B ) matrix elements called Generalized Parton Distributions (GPDs). Recent DVCS experiments have found evidence for the perturbative mechanism at Q 2 -scales of several GeV 2 [42, 43, 44, 45, 46] ;
• Wide-angle Compton scattering at sufficiently high energies will be dominated by the perturbative twogluon exchange kernel [47] . The presently available RCS data with (W 2 , −t, M 2 − u) all being large [36, 37, 38] are consistent with a sub-asymptotic model based on the elementary Klein-Nishina (or "γq → qγ handbag") process on a single quark, convoluted with high-momentum configurations in the proton [48, 49, 50] ;
• We expect that the high-energy RCS amplitude at θ c.m. ≈ π is dominated by u-channel Regge exchange. This u-channel Regge behavior is seen, for example in the γp → nπ + reaction in the backward direction [51] . On the other hand, as Q 2 increases it is likely that the Regge exchange mechanism is strongly suppressed in the backward direction (just as it is for forward Compton scattering), and thus we do not expect it to be dominant in our VCS kinematics. In RCS, only at high transverse momentum p T , corresponding to both −t and M 2 − u being large, is the perturbative mechanism expected to be dominant. Inspired by the Q 2 -scaling behavior in DIS and DVCS, we may suggest that, as W 2 and Q 2 increase, in the backward VCS cross section there is a transition to a hard-scattering process at the quark level. Of course more VCS data at high W (≥ 2 GeV) and backward angles would be needed in order to explore this conjecture.
A QCD description of VCS in the backward region has been proposed [52] . This is a different kind of factorization relative to to DVCS in the forward region. In the forward kinematics, the hard subprocess is the exchange of two partons (the handbag diagram) and the GPDs encode the hadronic part of the amplitude. In the backward kinematics, the hard subprocess is the exchange of three quarks, and N →γ transition distribution amplitudes (TDAs) replace the GPDs. This picture should be valid at large enough values of Q 2 and W 2 , and must be tested independently in each channel (e.g. backward VCS, pp → γ * γ . . .). In particular, the matrix element of the γ * p → γp scattering amplitude is predicted to have the following asymptotics in the backward direction at fixed
where α S is the strong coupling constant. Neglecting terms of order M 2 /W 2 , this scaling law is obtained for Q 2 /W 2 fixed. Following the Hand convention [20] utilized in [54] , the γ * p → γp differential cross section will have the following scaling: 
for θ c.m. ≈ π . (6) With the advent of the 12 GeV upgrade to JLab, it will be feasible to extend both RCS, VCS, and pion electroproduction measurements to higher W 2 and higher Q 2 . These data can establish empirically the scaling laws of the Compton amplitude in these new kinematic domains.
IV. CONCLUSION
In summary, the JLab experiment E93-050 studied for the first time the H(e, e ′ p)γ process in the nucleon resonance region. This experiment provides a dataset of cross sections that is unique at backward angles. For W ≥ 1.4 GeV, the BH contribution to photon electroproduction is small, and the reaction is dominated by the VCS process. The W -dependence of the VCS cross section shows resonance phenomena, as observed in RCS. Our data allow to compare the sensitivity to the various nucleon resonances in two different exit channels, γp and π 0 p, namely by studying the Q 2 -dependence of the cross section for the two reactions H(e, e ′ p)γ and H(e, e ′ p)π 0 . The γ-to-π 0 ratio shows strong variations with W across the resonance region. At our highest W (1.8-1.9 GeV) the comparison with wide-angle RCS may suggest that the VCS process undergoes a transition to a hard-scattering mechanism at the quark level. Therefore the data presented in this paper emphasize the interest of exploring a new kinematic domain of exclusive electroproduction reactions (high W , high Q 2 , backward angles) in which new conjectures involving the fundamental degrees of freedom of QCD could be tested.
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APPENDIX A: CROSS SECTION TABLES
This Appendix lists in detail the experimental cross section corresponding to the different studies presented in the paper. All cross sections are determined at a fixed incoming electron energy of 4.032 GeV. Ascii files of the tables are available at URL: http://clrwww.in2p3.fr/sondem/E93050-tables-RES/ or upon request to the authors. Due to the choice of method [13] , the cross section is determined at welldefined points in phase space. These kinematic values have no error, and the uncertainty is entirely reported on the cross section. Error bars are given as r.m.s. Tables I, II , III correspond to the study of section III A. They contain the H(e, e ′ p)γ five-fold differential cross section Fig. 7 . This table also provides the values of the reduced cross section in the photon electroproduction channel corresponding to Fig. 8 . Note that in VCS, the con-
to dσ/dt is the following:
, with:
where s and t are the Mandelstam variables defined in section I A. 
0.99 231 ± 84 ± 101 200 ± 70 ± 77 243 ± 59 ± 108 288 ± 59 ± 104
1.01 14.9 ± 5.4 ± 5.6 60 ± 32 ± 36 111 ± 30 ± 20 161 ± 33 ± 30 188 ± 34 ± 64 254 ± 36 ± 45
1.03 8.1 ± 4.1 ± 4.3 45 ± 14 ± 6 85 ± 21 ± 14 119 ± 22 ± 24 134 ± 22 ± 20 152 ± 22 ± 33
1.05 28.4 ± 8.3 ± 4.7 41 ± 13 ± 15 77 ± 17 ± 23 114 ± 19 ± 23 114 ± 19 ± 15 83 ± 15 ± 62
1.07 14.6 ± 6.8 ± 4.0 57 ± 14 ± 9 59 ± 13 ± 13 104 ± 17 ± 18 94 ± 15 ± 25 128 ± 18 ± 24
1.09 29 ± 10 ± 4 39 ± 11 ± 10 71 ± 14 ± 9 68 ± 12 ± 10 63 ± 11 ± 12 67 ± 12 ± 24
1.11 14.4 ± 6.4 ± 5.0 34 ± 10 ± 2 66 ± 12 ± 9 97 ± 14 ± 11 109 ± 16 ± 9 71 ± 13 ± 18 1.13 36 ± 11 ± 7 46 ± 10 ± 7 59 ± 11 ± 15 75 ± 13 ± 8 82 ± 15 ± 17 69 ± 15 ± 3 1.15 30 ± 9 ± 15 82 ± 14 ± 15 95 ± 15 ± 9 79 ± 14 ± 14 125 ± 20 ± 43 105 ± 18 ± 27
1.17 54 ± 12 ± 9 103 ± 16 ± 8 104 ± 17 ± 12 124 ± 17 ± 9 180 ± 22 ± 24 168 ± 22 ± 10 1.19 94 ± 16 ± 7 118 ± 17 ± 13 135 ± 17 ± 13 154 ± 18 ± 23 145 ± 19 ± 14 178 ± 24 ± 15
1.21 119 ± 18 ± 17 117 ± 17 ± 20 167 ± 18 ± 9 119 ± 15 ± 10 153 ± 21 ± 6 144 ± 24 ± 20
1.23 111 ± 16 ± 13 108 ± 15 ± 18 102 ± 13 ± 11 141 ± 16 ± 8 107 ± 17 ± 18 83 ± 15 ± 14 1.25 51 ± 11 ± 12 78 ± 12 ± 11 94 ± 12 ± 11 74 ± 13 ± 10 81 ± 11 ± 6 96 ± 12 ± 10 1.27 41.3 ± 9.2 ± 7.1 51.5 ± 9.3 ± 6.3 48.1 ± 9.8 ± 6.9 64.4 ± 9.5 ± 4.1 61.4 ± 8.3 ± 4.8 47.1 ± 8.0 ± 5.9
1.29 45.2 ± 7.9 ± 4.5 40.3 ± 7.6 ± 7.1 42.1 ± 7.6 ± 3.6 40.1 ± 5.5 ± 3. 1.47 34.3 ± 7.4 ± 2.9 33.8 ± 6.5 ± 3.6 37.0 ± 6.2 ± 2.3 37.5 ± 6.0 ± 4.9 44.8 ± 8.0 ± 6.0 39 ± 10 ± 4
1.49 41.5 ± 7.8 ± 4.0 41.5 ± 6.8 ± 4.2 45.5 ± 6.3 ± 8.8 45.4 ± 5.9 ± 7.0 64 ± 9 ± 10 67 ± 11 ± 10 1.51 36.5 ± 6.7 ± 4.6 36.6 ± 6.1 ± 4.0 48.6 ± 5.6 ± 5.9 50.8 ± 6.1 ± 5.8 47.6 ± 7.4 ± 5.2 85 ± 11 ± 11
1.53 39.8 ± 6.7 ± 4.7 39.9 ± 6.0 ± 5.4 37.0 ± 4.9 ± 4.6 42.4 ± 5.6 ± 4.5 39.9 ± 6.2 ± 3.7 50.4 ± 8.7 ± 6.3
1.55 37.1 ± 6.3 ± 2.5 31.4 ± 4.8 ± 3.9 26.8 ± 4.0 ± 4.6 39.0 ± 4.9 ± 3.6 57.8 ± 7.0 ± 5.2 61 ± 10 ± 7
1.57 15.6 ± 3.9 ± 3.8 19.7 ± 3.8 ± 3.5 32.7 ± 4.1 ± 2.8 36.8 ± 4.3 ± 3.2 41.3 ± 6.9 ± 7.3 31 ± 9 ± 10 1.59 18.5 ± 3.9 ± 1.3 30.0 ± 4.2 ± 3.1 31.5 ± 3.8 ± 3.5 40.1 ± 4.7 ± 4.7 27.8 ± 6.4 ± 5.0 26.0 ± 7.2 ± 8.9
1.61 18.1 ± 3.7 ± 3.4 21.7 ± 3.7 ± 3.5 28.9 ± 3.5 ± 3.7 23.8 ± 4.5 ± 3. 1.65 20.4 ± 4.1 ± 3.3 25.1 ± 3.7 ± 2.2 22.3 ± 3.6 ± 3.8 29.2 ± 3.8 ± 2.4 39.5 ± 5.6 ± 5.0 36.8 ± 7.5 ± 6.8
1.67 17.7 ± 3.6 ± 3.4 16.2 ± 3.2 ± 1.6 26.1 ± 3.5 ± 2.2 18.8 ± 3.1 ± 2.4 17.0 ± 5.3 ± 4.7 19.7 ± 8.3 ± 3.2 1.69 10.8 ± 3.2 ± 2.6 16.2 ± 3.4 ± 3.6 21.5 ± 3.0 ± 4.5 16.0 ± 3.6 ± 2.9 31 ± 13 ± 26 22 ± 14 ± 9
1.71 13.1 ± 3.7 ± 3.8 13.3 ± 3.1 ± 1.5 14.1 ± 2.6 ± 3.5 8.9 ± 4.3 ± 1.9 16.8 ± 5.6 ± 2.3 9.5 ± 5.0 ± 2.5
1.73 3.4 ± 2.4 ± 3.0 6.2 ± 2.4 ± 4.5 8.4 ± 2.8 ± 2.0 14.4 ± 3.6 ± 2.0 16.7 ± 3.4 ± 3.4 14.3 ± 3.7 ± 2.3
1.75 17.2 ± 3.5 ± 2.0 6.5 ± 2.5 ± 1.9 11.1 ± 3.3 ± 1.3 10.3 ± 2.2 ± 2.6 6.7 ± 2.4 ± 1.3 8.2 ± 3.0 ± 1.4
1.77 4.2 ± 2.9 ± 5.4 5.1 ± 2.5 ± 0.9 7.1 ± 2.2 ± 1.7 8.0 ± 1.7 ± 1.0 8.0 ± 2.4 ± 2.3 11.6 ± 3.4 ± 1.6
1.79 5.6 ± 2.6 ± 3.3 9.6 ± 2.6 ± 1.8 7.0 ± 1.6 ± 1.8 8.4 ± 1.7 ± 0.8 3.7 ± 4.0 ± 3.5 4.6 ± 4.0 ± 3.5
1.81 4.9 ± 2.0 ± 2.0 8.8 ± 2.0 ± 0.9 7.9 ± 1.5 ± 0.8 13.6 ± 2.2 ± 3.1 19 ± 9 ± 10 18.6 ± 9.3 ± 9.8
1.83 8.2 ± 1.9 ± 1.1 5.7 ± 1.6 ± 1.1 7.7 ± 1.6 ± 0.9 5.6 ± 3.1 ± 5.1 4.9 ± 3.6 ± 2.1 7.1 ± 4.3 ± 2.8
1.85 4.6 ± 1.7 ± 0.9 8.4 ± 1.8 ± 1.5 5.6 ± 1.8
1.87 4.6 ± 1.9 ± 1.2 4.8 ± 2.1 ± 1.2 5.4 ± 2.0 ± 1.6 6.4 ± 1.8 ± 0.8 7.1 ± 2.3 ± 2.3 6.6 ± 2.9 ± 1.4
1.89 11 ± 4 ± 11 8.7 ± 2.6 ± 2.2 8.2 ± 1.8 ± 0.9 5.8 ± 1.6 ± 1.0 13.5 ± 2.9 ± 2.8 7.8 ± 3.6 ± 1.9
1.91 10.1 ± 2.6 ± 1.9 4.2 ± 2.7 ± 1.8 5.0 ± 1.4 ± 1.2 7.3 ± 1.8 ± 1.8 5.7 ± 3.7 ± 1.8 10.0 ± 5.9 ± 3.9
1.93 1.4 ± 1.7 ± 1.9 1.5 ± 1.4 ± 1.8 3.2 ± 1.4 ± 1.2 2.5 ± 2.2 ± 1.8
1.95 5.2 ± 1.8 ± 1.9 2.8 ± 1.5 ± 1.8 2.8 ± 1.7 ± 1.2
1.97 3.3 ± 2.1 ± 1.9 6.4 ± 2.4 ± 1.8 
